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ABSTRACT 

An  advanced  seeker  test  facility  at  the  Air 
Force’s  Arnold  Engineering  Development  Center 
(AEDC)  has  been  used  for  the  past  two  years  for 
calibration  and  performance  characterization  of 
infrared  seekers  supporting  Army  interceptor  pro¬ 
grams.  This  facility,  known  as  the  7V  Chamber,  is 
part  of  a  broad  range  of  test  capabilities  developed 
at  AEDC  to  provide  comprehensive  ground  test 
support  to  the  Kinetic  Kill  Vehicle  (KKV)  commu¬ 
nity.  The  7V  is  a  state-of-the-art  cryo/vacuum  facil¬ 
ity  providing  calibration  and  high-fidelity  mission 
simulation  against  complex  backgrounds.  This 
paper  briefly  reviews  the  7V  test  capabilities,  as 
well  as  a  number  of  improvements  recently  com¬ 
pleted  or  under  development. 

INTRODUCTION 


•  High-fidelity  scene  system  for  target  clusters, 
closely  spaced  objects,  and  blooming  targets 
allowing  independent  control  of  target  radi¬ 
ance,  spectral  content,  position,  and  motion 
rates, 

•  Complex  scene  generation  with  a  high-resolu- 
tion,  heated-pixel  array  source, 

•  In-situ  scene  monitoring  with  NIST-traceable 
radiometric  and  goniometric  target  calibration, 

•  Near-visible  quality  all-reflective  optics  with  a 
high-speed  scan  mirror  for  miss-distance  sim¬ 
ulation,  and 

•  High-speed,  three-axis  positioner  for  pitch/roll/ 
yaw  seeker  alignment  and  attitude  corrections. 

In  addition  to  these  capabilities,  a  number  of 
improvements  have  been  made  to  the  7V  facility  or 
are  in  development  (see  Ref.  2)  at  the  present  time: 


AEDC,  located  at  Arnold  Air  Force  Base,  TN, 
offers  a  wide  range  of  advanced  aerospace  ground 
test  capabilities  for  the  DoD  and  civilian  community. 
The  Space  Test  Complex  provides  a  number  of 
space  simulation  facilities,  including  a  low-back¬ 
ground  infrared  sensor  test  capability  in  the  7V 
Chamber.  Although  the  7V  Chamber,  shown  in  Fig.  1 , 
can  test  both  advanced 
interceptor  seekers  and 
surveillance  sensors, 
this  paper  concen¬ 
trates  on  seeker  test¬ 
ing.  A  thorough 
description  of  the  7V 
Facility  is  given  in  Ref. 

1;  therefore,  only  the 
following  key  features 
are  presented  to  high¬ 
light  the  updates  to  the 
facility  capability  made 
over  the  last  two  years: 


•  Added  an  overlaid  visible  band  with  variable 
intensity  to  one  of  the  closely  spaced  object 
targets, 

•  Added  an  Earth  Limb  Background  Source, 

•  Added  another  Uniform  Flood  Source  using 
an  isothermal  heated  black  plate, 
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•  Improved  the  heated  pixel  source  with  neutral 
density  filters  to  simulate  mission  range  target 
intensity, 

•  Completed  a  radiometric  calibration  of  the 
heated  pixel  scene  generator, 

•  Improved  goniometric  calibration  of  target 
track  accuracy, 

•  Dramatically  decreased  narcissus  problems 
generated  by  warm  seekers, 

•  Characterized  target  systems  over  a  broader 
spectral  range  of  targets,  and 

•  Improved  the  optical  validation  with  in-situ 
measurement  of  the  system  point  spread 
function. 

FACILITY  OVERVIEW 

The  7V  Chamber  is  designed  to  provide 
advanced  calibration  and  characterization  of  per¬ 
formance  for  infrared  surveillance  and  seeker  sen¬ 
sors.  Characterization  includes  not  only  radiomet¬ 
ric  calibration,  but  also  goniometric  calibration  to 
evaluate  accuracy  of  target  tracking  and  guidance 
commands.  The  key  to  evaluation  of  sensor  mis¬ 
sion  performance  is  a  thorough  understanding  of 
its  operational  characteristics.  This  includes  estab¬ 
lishing  performance  envelopes,  defining  interrela¬ 
tionships  of  key  variables,  identifying  non-linear 
behavior,  and  measuring  timing  and  sequencing. 

The  requirements  for  the  7V  were  developed  by 


tures  can  also  be  provided,  if  desired).  The  test  vol¬ 
ume  is  totally  enclosed  inside  a  light-tight  cryo¬ 
genic  liner.  The  scene  is  projected  into  the  sensor 
under  test  by  reflective  coilimation  optics  to  simu¬ 
late  the  target  range.  A  high-speed  scan  mirror  is 
also  provided  in  the  opticai  train  to  sweep  the 
scene  across  the  seeker’s  field  of  view  and  simu¬ 
late  the  effects  of  divert  movements  in  real  time. 
The  seeker  is  mounted  on  a  high-speed,  three-axis 
gimbal  support  system  for  initial  alignment,  calibra¬ 
tion  of  individual  detectors,  and  simulation  of  atti¬ 
tude  movements.  The  chamber,  antechamber,  and 
optical  bench  provide  a  rigid  structure  to  control  rel¬ 
ative  line-of-sight  (LOS)  motions  between  the 
scene  and  the  sensor.  Jitter  is  controlled  by  mount¬ 
ing  the  entire  facility  on  pneumatic  vibration  isola¬ 
tors  to  attenuate  seismic  inputs  and  equipment 
vibrations.  Interferometer  testing  of  the  optics 
shows  the  LOS  jitter  to  be  less  than  3  prad. 

SCENE  SIMULATION 

The  primary  objective  of  the  7V  scene  simula¬ 
tion  is  high  fidelity  of  target  radiometrics  and  pre¬ 
cise  location  of  individual  targets  or  high-density 
target  clusters.  The  typical  mission  scene  for  exo- 
atmospheric  interceptor  sensors  is  illustrated  in 
Fig.  2.  Three  separate  systems  are  used  to  provide 
threat  scenarios  that  can  be  overlaid  on  a  variable 
natural  space  or  an  earth-limb  background: 

•  Complex  cluster(s)  of  targets  expanding  from 
a  clump  to  fully  resolved  targets. 


first  identifying  mission  issues  and  test  needs  nec¬ 
essary  to  evaluate  seeker  performance.  The  capa¬ 
bilities  of  the  7V,  which  satisfy  these  gen-  _ 

eral  seeker  test  needs,  were  verified  and  I 
documented  over  the  last  three  years  with 
seven  cryogenic  pumpdowns  of  the  facility 
since  its  initial  checkout  in  February  1994.  ||mp 
The  results  of  each  test  have  verified  the 

CdTe  BEAM  COMBI 

performance  parameters  and  provide  an 
excellent  statistical  basis  for  the  quoted 
accuracy  and  repeatabiiity  of  the  7V. 


Details  of  the  facility  infrastructure  and 
data  system  are  given  in  Ref.  1 ,  this  paper 
concentrates  on  the  simulation  capabili¬ 
ties  critical  to  seeker  evaluation.  As  illus¬ 
trated  in  Fig.  1 ,  all  of  the  simulation  equip¬ 
ment  is  mounted  on  a  rigid  optical  bench 
within  the  vacuum  chamber.  For  low  infra¬ 
red  background,  all  equipment  along  with 
the  bench  is  cryogenicaily  cooied  to  less 
than  20  K  (higher  background  tempera¬ 


•  Closely  Spaced  Object  (CSO)  simulation  of 
two  or  more  targets  separating  into  fully 


Closely  Spaced  Object  Target  System 
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attenuator: 


Uniform  Background  System 
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Cryogenic  Resitor  Infrared  Scene  Projector 


Expandable  Target  System 


Fig.  2.  7V  scene  simulation  system. 
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resolved  targets  or  a  single  target  separating 
from  a  cluster,  and 

•  Blooming  triangular  or  circular  targets  for  end¬ 
game  simulation 

The  cluster  and  CSO  target  simulations  can  be 
tracked  across  the  sensor’s  field  of  view  on  the 
precision  X-Y  translator  covering  a  1 .2-deg  field  of 
regard  at  speeds  up  to  0.5  deg/sec.  The  endgame 
target  can  be  moved  relative  to  the  seeker  line  of 
sight  by  the  high-speed  scan  mirror  at  speeds  up  to 
6  deg/sec. 

Complex  Target  Simulation.  Simulation  of 
complex  target  scenarios  is  provided  by  a  heated 
pixel  scene  generator,  called  CRISP  (Cryo/vacuum 
Resistor  Array  Infrared  Scene  Projector). 


metric  Calibration  and  Alignment  Monitoring  Sys¬ 
tems,  which  are  described  in  the  Facility  Test 
Results  section. 

Closely  Spaced  Object  Simulation.  The 

seeker’s  ability  to  resolve  closely  spaced  objects 
into  discrete  targets  is  an  important  test  to  define 
mission  time  lines  available  to  establish  track  files 
from  target  centroids  and  discriminate  decoys  and 
identify  targets.  As  shown  in  Fig.  4,  this  capability  is 
provided  in  the  7V  by  two  integrating  sphere  gray- 
body  sources  overlaid  with  a  CdTe  beam  combiner 
which  has  a  broadband  AR  coating  to  attenuate 
ghost  images.  One  source  moves  relative  to  the 
other,  while  both  are  tracked  across  the  sensor’s 
field  of  view  on  the  precision  X-Y  scanner.  Each 
source  has  independent  control  of  temperature  and 


Based  on  etched  silicon  micromachining  tech¬ 
nology,  the  CRISP  generates  dynamic  patterns 
of  1  to  400  independent  targets  using  an  array 
of  512  by  512  heated  resistor  pixels.  The 
microphotograph  in  Fig.  3  shows  several  indi¬ 
vidual  90-p,m  pixels  which  subtend  5.3  prad 
based  on  the  present  collimator.  The  resistor  is 
supported  on  top  of  the  addressing  and  control 
electronics  by  a  thin  silicon  bridge  which  iso¬ 
lates  the  cold  substrate  and  heat  sink  to  mini¬ 
mize  crosstalk.  The  two-layered  structure  also 
increases  the  fill  factor  of  each  pixel  to  90  per¬ 
cent.  As  shown  in  the  schematic  of  Fig.  3,  the 
combination  of  a  reflector  and  tuned  optical 
cavity  under  the  pixel  and  the  black  titanium 
nitride  emitter  surface  increases  the  emittance 
of  each  pixel  to  about  70  percent  with  spectral 


CRISP  CAPABILITY 

S  Major  Advance  in  State  of  the 
Art  in  IR  Scene  Generation 

W  Provides  Realistic  High  Fidelity 
Mission  Scenarios 

*  Point  Sources 

«  Complex  Clusters 

*  Spawning  Targets 

*  Resolved  Targets 

«  PlumesfCold  Bodies 

*  Complex  Background  Structure 

B  Completely  Programmable  with 
Reliable  Solid  State  Intergrated 
Circuit  Construction 


CRiSP  FEATURES 

»  512x512  Array  of  Micro  Resistors 
covering  2.8  mrad  square  Field 

«  90  pm  Pixel  (5.3  prad)  with  90  %  Fill 
Factor 

»  1  -  400  Point  Targets  (6x6  pixels) 

»  Temperature  Range  20  -  400  K  with 
1  K  Accuracy  @  10  Hz 

H  Low  Power  (<  20  watts)  to  drive  400 
Targets  to  400  K 

»  70  %  Emittance  using  Ti-Nx  resistor 
with  Optical  Cavity 


characteristics  of  a  graybody.  Each  heater  is 
individually  addressable  over  an  effective  tem¬ 
perature  range  of  20  to  almost  500  K  with  1  K 
control.  The  pixel  structure  has  a  thermal  time 
constant  of  32  msec.  Depending  on  the  require¬ 
ments  of  the  seeker  under  test,  a  point  target 
can  be  simulated  by  a  subarray  of  at  least  6  by 
6  pixels  for  a  32-prad  target  or  more  for  larger 
targets.  By  sequentially  heating  and  cooling 
adjacent  pixels,  the  target  appears  to  move  in 
single  pixel  steps  of  5.3  prad.  Becaue  the  com¬ 
posite  of  6  by  6  pixels  making  up  a  target  form  a 
near  diffraction-limited  image,  the  target  inten¬ 
sity  can  be  varied  over  a  dynamic  range  of  36  or 
more  at  constant  temperature.  One  of  the 
upgrades  to  the  7V  is  the  addition  of  a  drive  sys¬ 
tem  to  insert  neutral  density  filters  over  the 
CRISP  to  decrease  target  intensity  and  increase 
its  range  simulation.  The  CRISP  has  been  cali- 


Fig.  3.  CRISP  Cluster  Target  System. 


CSO  SYSTEM  FEATURES 

^Provides  Two  Graybody  Targets 
or  Cluster  Patterns 

*  One  fixed,  one  movable  0  to  1000 prad 
separation  in  two  dimensions 
«  Separation  rates  from  0  to  200  pradfsec 
»  30  aperture  selections  available  in  each 
source  for  various  targets  sizes  & 
patterns  and  bandpass  fitters 

^Controls  Irradtance  &  Blackbody 
Temperature  Independently 


CRISP  Complex  /'  .  n 

Scene  Generator  Variable  FIXED 
Attenuator  TARGET 

Wheel  - 

O  Integrating 

f  Black  Sphere 

Bodyt^^l..J  _ 

Output  -  I  movable 

^  Aperturi^  □  TARGET 


I  DUAL  SOURCE  ASSEMBLY] 


X/Y  SCANNER  ASSEMBLY 


«  Variable  Radiance  @  constant  Temperature 
over  2  orders  of  magnitude 

Temporal  Irradiance  variation  to  simulate 
Coning  Targets 

i  Tracks  Target  Complex  over  Entire 
Field  of  View 

«  Two-dimensional  target  tracks  of  CSO  or 
CRISP  Cluster  targets  with  speeds  from 
0  to  2  pradfsec 

«  Position  measured  by  Linear  Cryo-rated 
Inductosyn  Encoder  with  0.1  prad  (0.0003 
cm)  accuracy 

e  Target  position  knowledge  of  3  to  5  prad 
(depending  on  held  of  coverage)  with  step 
resolution  of  0.1  prad 


CSO  Source  Assembly 


brated  for  uniform  response  using  the  Radio-  Fig.  4.  Closely  Spaced  Object  Target  System. 
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radiometric  output,  so  the  effect  of  target  color  tern-  at  constant  source  temperature.  The  UBS  is 
perature  on  seeker  performance  can  be  tested  at  mounted  on  a  translator  stage  normally  positioned 

constant  intensity.  The  source  intensity  of  both  tar-  outside  the  field  of  view  or  moved  into  the  edge  for 

gets  can  also  be  dynamically  varied  up  to  four  hertz  a  background  source.  The  UBS  can  also  be  used 

to  simulate  coning  or  tumbling  targets.  For  multiple  on  the  optical  axis  for  sensor  focal  plane  flood 

CSO  patterns  or  variable  source  size,  both  sources  source  testing  and  for  establishing  non-uniformity 

are  equipped  with  output  aperture  wheels  providing  correction  of  the  Alignment  Monitor  camera  or  a 

up  to  30  user-selectable  patterns  or  bandpass  fil-  sensor  focal  plane, 
ters.  Two  narrow-band  filters  are  presently  installed 

in  one  CSO  wheel  to  measure  end-to-end  point  The  second  background  generator  currently 
spread  function,  including  all  the  chamber  optical  available  in  the  7V  is  an  earth  limb  simulator.  It  is 

elements  using  the  Alignment  Monitor  System.  located  out  of  focus  providing  an  intensity  gradient 

simulating  the  earth  limb.  As  shown  in  Fig.  7,  this 

One  of  the  recent  upgrades  to  the  CSO  source  design  uses  an  array  of  small  diameter  (0.020  in.) 
is  the  addition  of  a  visible  band  to  one  target.  As  Inconel®  wires  approximately  14  in.  long  spaced 

shown  in  Fig.  5,  a  quartz  halide  bulb  is  projected  on  0.5-in.  centers.  Each  wire  can  be  heated  inde- 

into  the  integrating  sphere  of  the  fixed  source  by  pendently  and  is  fully  programmable  to  cover  alti- 

the  condenser  lens  pair.  An  aperture  wheel  tudes  up  to  the  1.4-deg  field  of  view  with  diurnal  or 

between  the  lenses  provides  nine  discrete  intensity  seasonal  variation  in  earth  limb  intensity.  Present 

levels  covering  over  3  orders  of  magnitude.  The  scenes  are  based  on  SSGM-generated  models, 

1.4-|im  lenses  currently  limit  the  bandpass  to 
0.5  to  1 .4  pm,  but  cut-on/off  filters  can  be  added 
if  narrower  bands  are  necessary. 

Expandable  Target  System.  The  third 
scene  scenario  in  Fig.  2  is  an  expandable  target 
to  evaluate  seeker  endgame  target  centroiding 
for  aim-point/hit-point  determination.  As  shown  U 

in  Fig.  6,  both  circular  and  triangular  targets  of 
various  aspect  ratios  can  be  simulated  by  using 
a  dynamic  cryogenic  iris  in  conjunction  with  an 
aperture  wheel.  To  simulate  target  intensity 
increase  due  to  range  closing,  the  source  has  a 
ZnSe  circular  variable  attenuator.  This  wheel 
provides  over  two  orders  of  magnitude  change  of 
source  intensity  in  real  mission  time  lines.  In  con¬ 
junction  with  the  Scan  Mirror,  the  expandable  ^'9-  5.  Visible  band  source  addition  to  CSO  system, 
target  can  be  swept  across  the  seeker  field  of 
view  at  rates  up  to  6  deg/sec  to  simulate  the 
effect  of  miss  distance  on  seeker  tracking.  This  is 
a  valuable  feature  to  test  real-time  seeker  cen¬ 
troiding  ability  at  high  closure  speeds. 

Background  Simulation.  Variable  uniform 
space  backgrounds  are  provided  by  directly  pro¬ 
jecting  the  output  from  a  blackbody  into  the 
seeker  entrance  aperture.  As  shown  in  Fig.  1, 
the  Uniform  Background  Source  (UBS)  is 
located  in  front  of  the  primary  mirror,  at  the  edge 
of  the  sensor’s  field  of  view.  It  illuminates  the 
entrance  aperture  of  the  sensor,  overfilling  its 
focal  plane  with  uniform  radiation.  The  source  is 
a  large  conical  blackbody  fitted  with  an  8-posi¬ 
tion  aperture  wheel  to  vary  background  intensity 

Fig.  6.  Expandable  Target  System. 
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but  many  gradients  can  be  simulated.  See  Ref.  2 
for  further  details  on  the  analysis  and  performance 
of  the  Earth  Limb  Background  Source. 


Fig.  7.  Earth-limb  Background  System. 

RADIOMETRIC  AND  GONIOMETRIC 
CALIBRATION 

In-situ  calibration  of  all  7V  sources  is  provided 
for  both  radiometric  output  traceable  to  the  broad¬ 
band  standard  of  the  National  Institute  of  Stan¬ 
dards  and  Technology  (NIST)  and  goniometric  tar¬ 
get  position  and  track  accuracy.  As  shown  in  the 
chamber  layout  of  Fig.  1  and  schematically  in  Fig. 
8,  the  Radiometric  Calibration  System  (RCS)  con¬ 
sists  of  the  calibration  source  for  broadband  and 
spectral  input  to  the  seeker  and  the  calibration 
monitor  for  in-situ  measurement  of  all  the  source 
outputs  over  broadband  and  spectral  regions.  The 
goniometric  function  is  provided  by  the  Alignment 
Monitor  System  (AMS),  which  incorporates  an 
infrared  array  camera  to  image  the  scene  projected 
into  the  seeker.  Both  monitors  are  located  in  an 
antechamber  just  in  front  of  the  sensor.  Either 
monitor  can  be  used  by  deploying  a  gimballed  flat 
mirror  into  the  collimated  beam  to  direct  radiation 
into  focusing  optics  which  image  the  scene  onto  IR 
detectors  for  in-situ  calibration. 

Radiometric  Calibration.  The  RCS  Calibration 
Sources  provide  several  operational  modes  as 
point  or  extended  sources  with  either  broadband  or 
spectral  output.  Low-level,  broadband  output  is 


provided  from  an  integrating  sphere  coupled  to  a 
blackbody  through  a  12-position  aperture  wheel. 
This  technique  provides  wide  dynamic  range  of  3 
orders  of  magnitude  at  any  temperature  in  an  oper¬ 
ating  range  of  150  to  500  K.  The  Unisphere  source 
is  supplemented  by  a  bare  cavity  blackbody  with 
variable  output  aperture  for  additional  output  levels 
at  the  upper  end  of  the  dynamic  range.  Either 
source  can  be  attenuated  with  neutral  density  fil¬ 
ters  to  lower  the  dynamic  range  by  an  additional 
one  to  three  orders  of  magnitude  to  a  minimum 
irradiance  of  10“^®  W/cm^.  Including  temperature 
variation,  the  total  dynamic  range  of  the  calibration 
sources  is  almost  eight  orders  of  magnitude.  Spec¬ 
tral  output  is  provided  by  the  cavity  blackbody  fil¬ 
tered  by  a  three-segment  Circular  Variable  Filter 
(CVF)  covering  narrow-band  energy  over  2.5  to 
14.5  pm  with  bandwidth  varying  from  1 .0  percent  at 
the  lower  end  to  1 .8  percent  at  the  upper  end. 


Fig.  8.  7V  calibration  system  layout. 

A  recent  addition  to  the  7V  radiometric  calibra¬ 
tion  capability  is  an  extended  source  to  supplement 
the  UBS  for  flood  source  testing  of  a  seeker  focal 
plane.  This  source,  shown  in  Fig.  9,  is  a  10-in.- 
diam  aluminum  plate,  etched  and  black  anodized 
with  an  emittance  of  greater  than  0.95  from  3  to  25 
pm.  The  plate  is  heated  with  a  single  large  electri¬ 
cal  heater  to  a  uniform  temperature  in  the  range 
from  100  to  350  K.  This  source  is  mounted  to  the 
monitor  selector  mirror  insertion  drive  and  can  be 
deployed  in  front  of  the  sensor  under  test  covering 
its  complete  field  of  view.  The  source  temperature 
is  monitored  by  6  calibrated  platinum  temperature 
sensors  mounted  around  the  plate.  Preliminary 
measurements  indicate  temperature  uniformity  of 
less  than  1  K. 
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Extended  Source  Features 

■  Deploys  in  front  of  sensor 

■  Fills  Seeker  field  of  view 
M  Isothermal  to  ±  1  K 

■  High  emissivity  >  0.95  broadband 

■  Rapid  warm-up  &  cooidown 


Cooled  Mount  Plate 
(plumbed  into  existing 
GHe  circuit) 


Uniform  Heated  Plate 
♦27  cm  diam*2cmthk 

♦  ±  1  K  uniformity 

♦  5  hr  cooldown  time 

1  hr  warmup  to  300K 
(shown  by  analysis) 
♦TBVby  test 


■TRANSLATOR  MOUNTT 

♦  30  sec  to  position 

♦  ±  0.002  in. 
repeatability 


Sensor 


Fig.  9.  Flood  source  heated  plate. 


The  Radiometric  Calibration  Monitor  System, 
shown  on  the  left  side  of  Fig.  8,  samples  the  output 
from  any  source  for  to  measure  irradiance  in  the 
collimated  and  its  uniformity.  To  measure  radio- 
metric  output,  the  monitor  selector  mirror  reflects 
part  of  the  collimated  radiation  into  a  10-cm-diam 
imaging  mirror  to  focus  the  energy  onto  a  1-mm- 
square  Gallium-doped  silicon  detector.  The  detec¬ 
tor,  operating  at  16  K,  responds  over  a  spectral 
band  from  2  to  18  pm.  It  is  calibrated  in-situ  by  a 
secondary  standard  blackbody,  previously  cali¬ 
brated  at  NIST  to  better  than  1 -percent  accuracy. 
For  spectral  calibration  of  any  source,  a  CVF  is 
inserted  in  front  of  the  Si:Ga  detector.  An  8-  to  14- 
pm  bandpass  filter  is  also  installed  to  aid  in  improv¬ 
ing  radiometric  calibration  accuracy.  Typical  cali¬ 
bration  results  are  shown  in  the  Facility  Test 
Results  section. 


cate  considerable  improvement  over  the  original 
calibration. 

In  addition  to  goniometric  calibration,  the  AMS 
is  an  invaluable  tool  for  diagnosing  problems  such 
as  stray  light,  narcissus,  and  target  output.  Using 
the  increased  sensitivity  at  long  integration  times, 
the  InSb  focal  plane  has  helped  detect  stray  light 
problems  by  identifying  faint  signals  from  target 
glints  and  reflections  from  warm  seekers.  Some  of 
the  results  on  decreasing  stray  light  are  shown  in 
the  section  on  Facility  Test  Results. 

OPTICAL  SIMULATION 

The  Chamber  Optical  System,  shown  in  Fig.  1 , 
provides  collimation  of  the  calibration  or  scene  out¬ 
put,  target  selection,  and  single-axis  azimuth  scan¬ 
ning  for  high-speed  target  movement  and  align¬ 
ment.  The  7V  collimator  is  a  two-mirror,  off-axis 
Cassegrain  constructed  from  nickel-plated  alumi¬ 
num  for  cryogenic  operation  and  low  scatter  perfor¬ 
mance.  The  focal  length  is  1 ,645  cm,  providing  a 
collimated  beam  of  greater  than  50-cm  diameter 
with  a  circular  field  of  view  (FOV)  of  1.4  deg.  The 
mirrors  are  coated  with  enhanced  silver  with  a  pro¬ 
tective  overcoat,  providing  reflectance  of  greater 
than  0.97  from  0.4  to  at  least  30  pm.  Both  the  pri¬ 
mary  and  secondary  mirrors  mount  independently 
to  the  7V  optical  bench  on  actively  cooled,  massive 
aluminum  structures.  Optical  quality  of  the  collima¬ 
tor  was  measured  interferometrically  at  20  K,  indi¬ 
cating  diffraction-limited  performance  over  the  full 
50-cm  beam  at  5  pm.  For  seeker  testing,  smaller 
areas  of  the  collimator  are  even  better,  being  dif¬ 
fraction-limited  to  less  than  2  pm. 


Alianment.MgnitoLEeMy.re^^ 

□  In-situ  Goniometric  Position  Calibration 

«  Position  uncertainty  -  3.5fifad 
ft  Position  repeatability  -  I.Sfirad 
«  Image  centrolding  to  S^irad 

□  State  of  the  Art  Imaging  Telescope 

ft  3  -  Element  Anastigmat  design 
»  Diffraction  limited  performance  &  1.8  pm 
@  20K  operating  temperature 
ft  1.5  deg  circular  field  of  view 
ft  10  cm  collection  aperture 
ft  78  cm  focal  length 

□  Latest  IR  Focal  Plane  Array  Technology 

ft  Amber  InSb  Array  &  Frame  Grabbing 
Electronics 

ft  256^256  pixels,  upgradeable  to  512x512\ 
ft  38pm  pixels  =  48.7  prad  IFOV 
ft  1.0  to  5.5pm  bandpass 

□  Excellent  Sensitivity  &  Image  Capture 

ft  Variable  Integration  Time  (0.004  -  250  sec) 
ft  Variable  Frame  Rate  (0.004  to  250  Hz) 
ft  Independent  FPA  temperature  to  30K 
ft  Very  High  Sensitivity  to  track  dimmest 
target  &  evaluate  stray  light  problems 

□  Outstanding  Image  Analysis  Capability 

with  Amber  Pro-View  Software 


Alignment  Monitor  Mounted  to  7V 


i 

1 

jDifal  CSO  Source  [ 

Goniometric  Calibration.  Calibration  of  tar¬ 
get  position  is  accomplished  by  the  Alignment 
Monitor  System  (AMS)  shown  in  Fig.  10.  This 
device  is  a  cryogenic  infrared  camera  equipped 
with  a  256  x  256  Indium  Antimonide  (InSb)  focal 
plane.  In  the  7V,  the  AMS  covers  a  0.75-deg- 
square  portion  of  the  collimator  field  of  view.  The 
imaging  optics  cover  a  circular  field  of  view  of 
1.5  deg  with  an  all-reflective,  highly  corrected 
anastigmatic  design  using  nickel-plated  alumi¬ 
num  mirrors.  The  focal  plane  is  actively  cooled 
to  40  K  for  optimum  performance.  The  AMS  and 
its  image  analysis  electronics  and  subpixel  cen¬ 
troid  algorithm  provide  absolute  target  position 
to  an  angular  accuracy  of  3.5  prad.  The  AMS  is 
used  to  provide  calibrated  target  tracking  to 
position  uncertainty  within  the  field  of  view 
(FOV).  The  data  noted  in  the  next  section  indi- 


Fig.  10.  Alignment  Monitor  Goniometric  Calibration 
System. 
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The  scan  mirror,  mounted  between  the  sources 
and  the  collimator  secondary,  provides  high-speed 
azimuth  sweep  of  the  targets  across  the  seeker’s 
FOV.  The  light-weighted  aluminum  mirror  rotates 
about  a  vertical  axis  on  two  stainless  flexure  pivots. 
The  mirror  is  driven  by  a  brushless  DC  servo  motor 
with  closed-loop  position  control  from  a  brushless 
Inductosyn®  encoder.  In  collimated  space,  this 
system  can  sweep  a  target  completely  across  the 
field  of  view  at  rates  from  0  to  6  deg/sec  with  posi¬ 
tion  knowledge  and  resolution  of  ±  0.5  prad. 

The  7V  Optical  System  was  modeled  using 
CODE  V®  and  validated  using  interferograms  mea¬ 
sured  during  the  acceptance  test  of  the  collimator. 
Unfortunately,  due  to  access  and  space  limitations 
within  the  7V  vacuum  chamber,  a  full  system  opti¬ 
cal  evaluation  cannot  be  made  with  an  interferome¬ 
ter.  To  obtain  some  information  on  the  optical  per¬ 
formance  of  the  complete  optical  train  at  cryogenic 
conditions,  an  attempt  was  made  to  measure  the 
point  spread  function  (PSF)  using  the  AMS.  The 
preliminary  results  are  given  below. 

FACILITY  TEST  RESULTS 

RADIOMETRIC  CALIBRATION  RESULTS  OF  7V 
IR  SOURCES 

The  7V  Radiometric  Calibration  System  and  all 
the  target  sources  have  undergone  extensive  cali¬ 
bration  using  NIST-traceable  standards  to  estab¬ 
lish  excellent  radiometric  accuracy  and  repeatabil¬ 
ity  during  eight  separate  tests  over  the  last  three 
years.  The  methodology  used  at  AEDC  is  an  end- 
to-end  approach  using  the  calibration  monitor  as  a 
broadband  and  spectral  radiometer  to  image  any  of 
the  7V  IR  sources  onto  its  Si:Ga  detector.  The  irra- 
diance  from  the  collimated  source,  E,  is  a  function 
of  the  source  radiance,  L,  the  source  output  aper¬ 
ture  area,  Ag,  an  attenuator  throughput,  T^,  and  the 
collimator  focal  length,  f,  as  formulated  in  the  fol¬ 
lowing  equation 

E=^^L  (1) 

The  blackbody  radiance,  L,  is  a  function  of  the 
source  temperature,  T,  and  radiation  wavelength, 
A.,  as  formulated  in  Planck's  radiation  equation  and 
spectrally  integrated  in  Eq.  (2).  The  in-band  radi¬ 
ance  is  calculated  as  an  integral  between  specified 
wavelength  limits. 


L 


-t 


^7 

e 


dk 


(2) 


where:c,  =37418.32  W  cm  ^  \im'^ 

C2=  14387.86  \imK 

For  real  radiation  sources,  collimation  systems, 
and  attenuators,  the  effective  irradiance,  Egff,  of  the 
collimated  source  is  a  function  of  the  effective 
source  radiance,  Lgff,  the  source  output  aperture 
area,  Ag,  the  system’s  peak  throughput,  Tp  x,  and 
the  collimator  focal  length,  f,  as  formulated  in  Eq.  (3) 

AgT-  y 

^eff  - 


All  of  the  constants  on  the  right  side  of  Eq.  (3), 
except  the  variable  Lg^,  can  be  combined  into  a 
single  source  calibration  constant,  K.  Because 
most  sources  have  multiple  source  apertures,  a 
source  constant  is  defined  for  each  of  the  aper¬ 
tures  as  K(As),  by  Eq.  (4)  as  the  ratio  of  the  effec¬ 
tive  irradiance  to  the  effective  radiance. 

K{A^)  =  ^  (4) 

‘-eff 


The  source’s  effective  radiance,  Lg^,  includes 
the  collimator  system’s  relative  spectral  through¬ 
put,  TpPC),  and  is  calculated  using  Eq.  (5) 


L 


eff  - 


1  r^2 

5/  cycXT) 

A,  I  e  —  1 


(5) 


The  system  peak  throughput,  Tp  y,  contained  in 
Eq.  (3)  includes  the  peak  normalize  values  of  the 
source  emissivity,  the  collimator  mirror  reflectance, 
and  any  attenuator  throughputs.  The  relative  spec¬ 
tral  throughput  is  contained  in  Tpj(k)  and  includes 
the  relative  spectral  values  (normalized  by  the 
peak  values)  of  the  source  emissivity,  the  collima¬ 
tor  mirror  reflectance,  and  attenuator  throughputs. 
For  sources  that  are  attenuated  with  integrating 
spheres,  all  of  the  relative  spectral  and  peak 
throughputs  can  be  combined  into  one  set  of 
parameters.  If  neutral  density  (ND)  filter  attenua¬ 
tion  is  used,  the  relative  spectral  and  peak  through¬ 
puts  of  each  filter  are  generally  separated  from  the 
combined  system  values. 
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NORMALIZED  CALIBRATION  CONSTANT 


{MM  SOURCE,  TIA  MED  &  HIGH  GAIN.  T  =  200,  300,  400,  &  SOOK) 


Fig.  11.  RCS  multimode  source  calibration  results. 


Calibration  results  acquired  to  date  on  the  RCS 
Multi-Mode  Source  (MMS)  are  shown  in  Fig.  11. 
These  data  show  the  calibration  constant,  K,  nor¬ 
malized  by  the  source  pinhole  area  /Ag,  plotted  for 
the  four  pinholes  in  the  MMS.  To  illustrate  the 
excellent  repeatability  and  accuracy  of  radiometric 
performance  of  the  7V  sources,  each  plotted  point 
Is  an  average  of  all  data  (over  150  points  covering 
two  detector  gains  and  the  complete  source  tem¬ 
perature  range  from  200  to  500  K)  taken  for  a  given 
aperture  during  six  separate  pumpdowns  covering 
two  years.  The  total  spread  in  these  data  is  less 
than  2  percent  with  a  standard  deviation  of  less 
than  1  percent.  The  dip  for  aperture  5  (0.64  mm) 
data  represents  a  systematic  error  in  the  assumed 
area  of  the  pinhole,  not  an  error  in  the  calibration 
constant.  Complete  results^  indicate  that  the  over¬ 
all  radiometric  uncertainty  for  both  the  RCS  Multi- 
mode  and  Unisphere  sources  is  less  than  3  per¬ 
cent  with  worse  case  repeatability  of  2.8  percent 
for  17  separate  measurements. 
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Fig.  12.  CRISP  radiometric  calibration  data  frame. 
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Fig.  13.  CRISP  pixel  temperature  vs.  gate  voltage. 

response  map  that  indicated  that  98.6  percent  of 
the  CRISP  pixels  were  operable.  The  calibration 
results  were  used  to  develop  scene  projection  files 
that  presented  targets  at  the  desired  radiance  for 
the  seeker  mission  simulation. 


RADIOMETRIC  CALIBRATION  OF  THE  CRISP  IMPROVED  GONIOMETRIC  TRACK 

SCENE  GENERATOR  CALIBRATION 


A  two-color  approach  was  used  to  calibrate  the 
CRISP  array.  All  pixels  in  the  512  x  512  CRISP 
array  were  calibrated  using  the  AMS  and  an  exten¬ 
sive  calibration  sequence.  The  results  from  one 
frame  of  the  calibration  sequence  are  shown  in  Fig. 
12.  A  select  group  of  pixels  was  calibrated  using 
the  CMS  to  provide  an  independent  assessment  of 
the  operating  temperature  of  the  CRISP  pixels  at 
selected  voltage  settings.  A  plot  of  pixel  tempera¬ 
ture  versus  gate  voltage  setting  for  11  pixels  is 
shown  in  Fig.  13.  Using  the  AMS  data,  the 
response  characteristics  for  all  pixels  in  the  array 
were  determined  over  an  appropriate  gate  voltage 
range.  The  results  were  compiled  into  an  overall 


Validating  the  target  track  accuracy  require¬ 
ment  of  5  prad  has  been  challenging.  The  initial 
attempt  to  calibrate  the  X-Y  target  scan  table 
resulted  in  7  prad  (1  a)  over  the  0.75-deg  core  field 
covered  by  the  AMS  camera  and  9  prad  “boot 
strapped”  over  the  entire  1 .2-deg-square  field  cov¬ 
ered  by  the  scanner.  It  was  suspected  that  the 
problem  was  in  the  calibration  scheme  and  not  the 
hardware.  After  careful  review,  the  most  likely 
causes  were  traced  to  (1)  jitter/non-repeatability  in 
the  Monitor  Selector  Mirror  drive,  and  (2)  a  bad 
nonuniformity  correction  (NUC)  of  the  AMS  focal 
plane.  After  correcting  these  two  problems,  the  cal¬ 
ibration  was  rerun."^  Figure  14  shows  the  output  of 


8 

UNCLASSIFIED 


UNCLASSIFIED 


1.24 
1.02 
0.81 
W-  0.59 
0.37 
0.15 
-0.07 


Maximum  =  1.24 
Minimum  =  -0.07 
Sum  =  715 
Average  =  0.019 
Median  =  0.0 
Std.  Dev  =0.0695 


50  100  150  200  250 

Column 

Fig.  14.  X-Y  scanner  goniometric  calibration. 


a  13  X  13  (approxinnately  6-in.)  point  scan  over  the 
core  field.  The  position  of  each  of  the  169  data 
points  is  defined  by  the  output  of  the  two  Inducto- 
syn  encoders  on  the  X-Y  scanner.  The  measured 
position  is  calibrated  by  the  AMS  camera,  which 
calculates  a  radiometric  centroid  of  each  IS-prad 
target  (based  on  pixel  outputs  from  a  5  x  5  subar¬ 
ray).  The  difference  in  these  two  values  is  the  posi¬ 
tion  error  which  includes  all  effects  (mechanical, 
optical,  and  measurement  errors).  The  total  error 
(1  o)  in  X,  y  position  is  4  prad. 

DECREASED  NARCISSUS  FROM  WARM 
SEEKERS 


Fig.  15.  Example  of  improved  target  clutter. 

source  and  baffling  on  the  seeker  reduced  the  clut¬ 
ter  to  negligible  levelsthat  are  less  than  one  of  the 
dimmest  target.  The  basic  approach  involved  (1) 
reducing  the  view  factor  of  the  warm  seeker  into 
the  chamber  by  minimizing  the  size  of  the  cold  baf¬ 
fle  shielding  the  seeker  and,  (2)  reducing  sharp 
edges,  and  eliminating  bolt  heads  and  other  scat¬ 
tering  surfaces  in  the  source  area. 


Testing  of  seekers  with  warm  optics  causes 
special  problems  in  any  low-background  chamber. 
Radiation  from  the  uncooled  surfaces  of  the  seeker 
adds  significantly  to  the  chamber  background  and 
presents  the  potential  of  inducing  target  clutter. 
Considerable  work  was  done  to  evaluate  the  prob¬ 
lem  for  specific  seeker  tests  and  reduce  it  to 
acceptable  levels.  Ray  trace  analysis  and  inspec¬ 
tion  with  high-intensity  lights  and  a  camera,  along 
with  data  taken  by  the  AMS  and  the  RCS  during 
several  pumpdowns  and  seeker  data  from  two 
tests,  were  used  to  diagnose  and  minimize  the 
problem.  Figure  15  contains  one  example  of  a 
before  and  after  image  of  the  target  clutter  problem 
caused  by  illumination  from  the  warm  optics  of  a 
test  seeker.  The  upper  pair  of  figures  shows  the 
RCS  Multimode  calibration  source  and  its  corre¬ 
sponding  image  on  the  seeker  focal  plane.  In  this 
case,  the  clutter  is  comparable  to  the  brightest  tar¬ 
get.  In  the  lower  set,  new  shields  on  the  front  of  the 


SPECTRAL  CHARACTERIZATION  OF  TARGETS 

The  CVF  wheel  in  the  RCS  calibration  monitor 
was  used  to  spectrally  calibrate  all  sources  in  the 
7V  Chamber.  However,  the  spectral  range  associ¬ 
ated  with  the  three-segment  in-situ  CVF  is  limited 
to  a  maximum  wavelength  of  14.5  pm.  During  the 
latest  checkout,  an  independent  CVF  spectrometer 
with  segments  out  to  22.5  pm  was  used  to  acquire 
spectral  data  for  the  multimode  calibration  source 
and  the  CRISP  over  a  50  percent  larger  range.  The 
results  for  the  multimode  source  are  shown  in  Fig. 
16.  The  results  confirm  earlier  measurements 
which  indicate  there  are  no  unexpected  anomalies 
in  the  spectral  output  at  longer  wavelengths. 

OPTICAL  SYSTEM  VALIDATION 

An  attempt  was  made  during  the  last  7V  cold 
test  to  validate  the  complete  7V  optical  system  with 
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Multimode  Relative  Spectral  Output 
Temp=500K,  Aperture  9,  Bjas=1.4v 
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Fig.  16.  Extended  spectral  measurements  for  typical 
source. 


The  integrated  output  of  the  scanned  target 
image,  as  measured  by  the  AMS,  is  plotted  in  Fig. 
17  against  the  source  position.  In  order  to  obtain 
the  PSF  from  this  energy  distribution,  a  closed- 
form  Gaussian  approximation  is  used  for  the 
Bessel-distributed  PSF  to  obtain  a  least-squares 
curve  fit  of  the  knife-edge  data.  Converting  this 
energy  distribution  into  a  PSF  size  and  ratioing 
against  the  theoretical  value  indicates  a  6.4  per¬ 
cent  increase  in  the  7V  optics  84-percent  blur 
diameter.  The  corresponding  reduction  in  the  peak 
PSF  intensity  or  Strehl  ratio  is  0.88,  which  corre¬ 
sponds  to  approximately  a  1/14  wave  rms  wave- 
front  error  or  diffraction-limited  performance  at 
wavelengths  comparable  to  or  larger  than  the  5.38- 
|im  mean  wavelength  used. 


an  end-to-end  meaurement  of  its  point  spread  func¬ 
tion  (PSF).  Although  preliminary  and  insufficient 
data  were  obtained  on  the  first  attempt,  the  data 
provide  an  approximation  of  the  rms  wavefront 
error  of  the  facility  including  the  effects  of  all  optical 
elements.  The  approach  used  to  measure  the  over¬ 
all  PSF,  as  shown  in  Fig.  17,  is  basically  a  knife- 
edge  scan  of  the  energy  from  a  “monochromatic 
point  source.”  The  source  used  is  one  of  the  CSO 
blackbodies  with  a  15-mrad  pinhole  with  a  narrow- 
band  filter  near  the  maximum  response  of  the  InSb 
FPA.  Using  the  effective  bandwidth  of  0.37  mm  (6.8 
percent  at  5.38  mm)  and  the  AMS  entrance  aper¬ 
ture  of  11  cm,  the  theoretical  PSF  dimension  is 
about  120  prad.  Because  the  small  geometric  size 
and  narrow  bandwidth  of  the  source  minimize  the 
contributions  to  the  PSF  growth,  the  knife-edge 
energy  distribution  provides  a  reasonable  mea¬ 
surement  of  the  7V  PSF  and  optical  quality. 


SUMMARY 

The  7V  Facility  provides  an  advanced  test 
capability  for  seeker  sensors  with  full  calibration 
capability  traceable  to  NIST,  complete  seeker  char¬ 
acterization  over  a  full  mission  envelope,  and  high- 
fidelity  simulation  of  all  critical  seeker  mission 
phases  in  real  time.  The  7V  optical  system,  calibra¬ 
tion  accuracy,  and  scene  simulation  are  state  of 
the  art.  With  modernized  control  rooms,  environ¬ 
mental  systems  and  data  systems,  the  7V  Facility 
provides  a  ground  test  capability  unmatched  any¬ 
where  for  complete  evaluation  of  the  next  genera¬ 
tion  of  infrared  interceptors. 
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